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The customary reliance on one-photon-exchange calculations in electronproton scattering makes it important to study those processes which could only arise from higher-order effects. A measurement of nonzero proton polarization in elastic electron-proton scattering would be evidence for a two-photonexchange amplitude, since the polarization must vanish for pure one-photon exchange.
The interference between one-photon-exchange and two-photon-exchange amplitudes is expected to be smaller than the one-photon-exchange contribution by an order of ac, but it may be enhanced due to the presence of some resonance pr0cess.l
In electron-proton elastic scattering, one-photon exchange leads to the Rosenbluth formula' for the differential cross section. Higher-order effects, which could show up as deviations from the Rosenbluth form, have not been observed so far.3
The interference between the one-photon amplitude and the real part of some two-photon amplitudes can be obtained by comparing electron-proton and positron-proton elastic scattering. These measurements4 (after allowing for radiative losses5) have shown no evidence of two-photon effects, to an accuracy of about the order CY, up to four-momentum transfers squared of 5.0 (GeV/c)2.
Information relating to the imaginary part of a different combination of twophoton-exchange amplitudes can be measured by performing a polarization experi- Errors can arise from: (1) lack of knowledge of the target polarization,
uncertainty in the determinat.ionof the hydrogen fraction, (3) monitoring errors, (4) statistical error in the total counts, and (5) other systematic. effects.
The measurement of the target polarization employed standard NMR techniques . 10 Recent improvements 11 led us to believe that the polarization was
The hydrogen fraction, HF, was determined as a function of missing mass as follows:
1. Data were taken at the kinematics corresponding to elastic electronproton scattering using butanol, carbon and polyethylene (CH2) targets.
A pure hydrogen spectrum was obtained from a CH2 -C subtraction, and the butanol spectrum was fitted by a linear combination of this hydrogen spectrum and the carbon spectrum. The prominence of the elastic peak from hydrogen improved the accuracy of the fit to the butanol spectrum.
2. Spectra were taken at all kinematic conditions, both elastic and &-elastic, using C and CH2 targets. A second CH2 -C subtraction was effected, and the ratio of carbon scattering to hydrogen scattering for CH2 was calculated for each missing-mass bin. Finally, this ratio was normalized to the butanol target using the fitting parameters obtained in step (1).
The quantity HF was thus determined to about 20% of its value. However, since HF is a normalizing factor, its error does not seriously affect the results.
In Fig. 1 , we show the measured spectrum obtained by scattering 15 GeV electrons from the butanol target together with a spectrum for pure hydrogen which was calculated by the above procedure.
The asymmetry, A, was calculated separately for each of the three different beam-current monitors which were used in the experiment. These asymmetries agreed with one another to within one-fifth the size of the statistical errors. The monitor errors, therefore, can be neglected. From the study of "test" asymmetry values (see Ref. 9 for the details) we believe that our systematic errors are small, and that the uncertainty in the measurement can be represented by the errors calculated from counting statistics.
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The final asymmetry values at three values of four-momentum transfer ', squared (q2) are shown in Table I , where the errors in A are calculated from counting statistics only, which are believed to be close to the total errors.
Within the measurement errors, the values are consistent with A=O. These results are compared with the previous measurements' of I? in Fig. 2 .
From the results of this experiment and from the measurements of Mar et al., 4 --on the real part of two-photon exchange, one can conclude that the higher-order contributions to elastic electron-proton scattering have been found to lie between 0 and order cy, in agreement with the theoretical estimates. 138 We wish to thank John Jaros, Peter Robrish and Stephen Shannon for assistance during the data taking. We are indebted to the accelerator crews and
Spectrometer Facility Group for their support during these measurements. We thank Professor Y. S. Tsai and Mr. R. Cahn for theoretical discussions.
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